simulation. This allows an integrated approach to the theories of urban resilience and compactness to discuss the implication of spatial planning and management in relevance to flooding vulnerability.
Findings -The flooding situation in HCMC is an evidence of inappropriate urban expansion leading to increase in flooding vulnerability. Although climate change impacts are obvious, the rapid population growth and associated accommodation development are believed to be the key cause which has not been solved. It was found that the three new emerging districts (District 2, 9 and ThuDuc) are highly vulnerable to floods, but the local government still implements the plan for attracted investments in housing without an integrated flooding management. This is also in line with the development pattern of many coastal cities in Southeast Asia, as economic development can be seen as a driving factor.
Research limitations/implications -The data of property development are diversified from different sources which have been compiled by this research from the basic map of housing investments from a governmental body, the Department of Construction. The number of projects was limited to 270 per over 500 projects, but this still sufficiently supports the evidence of increasing accommodation in new development districts.
Practical implications -HCMC needs neater strategies for planning and management of spatial development to minimize the areas vulnerable to floods: creating more compact spaces in the central areas (Zone 1) protected by the current flooding management system, and offering more resilient spaces for new development areas (Zone 2), by improving the resilience of transportation system. Nevertheless, a similar combination of compact spaces and resilient spaces in emerging districts could also be incorporated into the existing developments, and sustainable drainage systems or underground water storage in buildings could also be included in the design to compensate for the former wetlands lost.
Social implications -This paper highlights the need to better understand growing vulnerability to floods related to urban expansion over low-lying former wetlands and emphasizes the more important role of planning spatial development accompanied with transportation investment which can contribute to flooding resilience. Coastal cities in southeast countries need to utilize the former-land, whereas feasibility of new land for urban expansion needs to be thoroughly considered under risk of natural disasters.
Introduction
Over 50 per cent of the world's population now lives in urban areas (United Nations -UN, 2014). Growth can be traced back to the nineteenth century where economic drivers provided an impulse for urban expansion as a direct impact of industrialism (Hall and Jones, 2011) : a trend that has continued to the present day. In 2010, 167 cities across the world had over 7,50,000 citizens, a result of a 10-to 20-fold increase in population since 1960 (United Nations -UN, 2012). However, as cities continue to grow, the development pressures of new urban areas create an increased concentration of people and assets with a greater potential for devastation from natural disasters. A growing imbalance between the natural and human environment has led to higher risks of floods in major cities (Cigler, 2007) . This problem appears to be particularly acute in low gross domestic product countries, as many cities have experienced uncontrolled urban enlargement on low-lying lands. Based on an investigation of 90 cities worldwide, Angel et al. (2005) projected that the built-up areas will increase from 2,00,000 km 2 in 2010 to 6,00,000 km 2 by 2030 in developing-country cities. Dasgupta et al. (2012) stated that coastal wetlands, which are natural barriers to coastal flooding, have been gradually lost to the process of urban expansion in 76 developing countries, of which "Vietnam is by far the most vulnerable country with close to 65 per cent of its freshwater marshes at risk". Linked to this, Dutta (2011) emphasizes the abnormal frequency of flood occurrence in Asian countries, where several cities have faced rapid expansion but owing to a changing climate are now at higher risks of flooding incidents (examples include Bangkok, Manila and Ho Chi Minh City: Asia Development Bank -ADB, 2010).
Ho Chi Minh City (HCMC), a coastal city of Vietnam, is considered to be particularly vulnerable to climate change (World Bank -WB, 2010) . It is one of 20 port cities worldwide that have been identified as having both a high rate of population growth and a large number of assets projected to be exposed to sea level rise by 2070 (Nicholls, 2011) . In parallel with economic development, despite progressive investments into flood protection system, the frequency and severity of floods have become more significant. The city actually rarely experienced floods until the 1960s (Hong, 2011) , but now more than 50 per cent of the urban area of HCMC is affected by regular floods (Asia Development Bank -ADB, 2010). From 2010 to 2015, the Steering Center of the Urban Flood Control Program of HCMC (SCFC) has catalogued 980 inundations which not only endanger citizens but also act as a barrier to the economic prospects of the city. While present flooding in HCMC is frequent, it is presently more of nuisance value causing low level, but widespread, disruption; however, there are concerns that HCMC could begin to experience "extreme" flooding, such as that seen in Bangkok in 2011, if there remains a lack of an effective planning strategy for the urban spatial enlargement (Phi, 2013) . Future scenarios indicate that flood-prone areas in HCMC are projected to increase and cover 49 per cent of the built-up area by 2025, if the 2.0 m water level is reached (Storch and Downes, 2011) , and to 71 per cent by 2050 in case of a combined flood (Asia Development Bank -ADB, 2010). These have resulted in divergent opinions on the link between flooding situation and urban planning and management. Given these views and the rapid expansion of HCMC, this paper investigates flooding vulnerability in relation to the spatial enlargement, particularly in new development areas close to Saigon River.
2. Ho Chi Minh City: a coastal city increasingly vulnerable to floods As an emerging coastal mega-city, the population of HCMC increased from 3.5 million in 1976 to 8.2 million in 2015 (General Statistic Office of Vietnam -GSOV, 2015) , but the actual number of people (including unregistered migrants) is now estimated to be nearly 10 million (Asia Development Bank -ADB, 2010). With the current territory of 2,095 km 2 , the city consists of three zones ( Figure 1 ):
(1) Zone 1-13 central districts including the "old-town" (partly located in District 1 and 5); (2) Zone 2-6 new development districts where there have been many new residential developments; and (3) Zone 3-5 suburban districts which used to be the rural land in the early stage.
The growth of HCMC can be attributed to its location as a port city on river basin, attracting a large amount of labor as the driving factor for economic development, but this now provides some disadvantages related to the characteristics of geography and topography. Located 50 km from the Southeast Asia sea, it is considered one of the three "hot-spots" in this region which is vulnerable to climate changes such as sea level rise (World Bank -WB, 2010; Asia Development Bank -ADB, 2010). Owing to the location on a low-lying coastal plain, 40-45 per cent of land of HCMC is elevated from 0 to 1 m from sea level (Asia Development Bank -ADB, 2010) and more than 50 per cent of land of HCMC is under 1.5 m from sea level . Along with a process of spatial expansion, the old-town (the core-part of District 1, Zone 1) is found on relatively high-land, but almost all new giant Increasing vulnerability to floods developments in Zone 2, such as PhuMyHung (District 7) and ThuThiem (District 2), are built on areas with a higher risk of flooding owing to the low-lying nature of peripheral areas earmarked for development. The vulnerability of flooding in HCMC is assessed in this paper by using a geographical information system (GIS) approach. The analysis contains population changes, land occupation for property investments and flood impact simulations to ascertain to what extent urban development is leading to an increase in vulnerability to floods in new development areas. Based on this analysis, an extrapolation of the trend of urban settlement over vulnerable areas to floods, especially in three emerging districts on the eastern side of Saigon River, is needed to examine the future implications for the city. Finally, through the vision for HCMC, the paper will discuss issues related to a potential link between the theories of compact city and resilient city to propose a strategy of urban planning and management as the long-term solution to flooding.
Urban expansion and flooding impacts
Since the early beginnings in the seventeenth century, the original town covered about 5 km 2 with a population of around 2,00,000 people, the first rampart named GiaDinh had been built on (locally) a high-land (4-6 m), presently located in District 1. In the nineteenth century, Saigon, the old name of HCMC, was established as the most modern city in Southeast Asia in the light of a development plan to expand the city to 25 km 2 , with a view to accommodating 5,00,000 people. Until the end of twentieth century, the built-up area was limited to the left of Saigon River.
By the beginning of the twenty-first century, widespread and uncontrolled urban enlargement of HCMC was occurring on previously rural land. Since the establishment of six new districts in 1997, there was a shifting trend of dwellers moving from the old center to the new suburbs, but such changes in population distribution had not adequately considered the vulnerability to floods (Storch and Downes, 2011) . In fact many of the new development areas close to Saigon River were vulnerable to fluvial floods; Thinh et al. (2009) Urban zones layered over topography IJCCSM districts affected by tides in combination with heavy rains in 2008. Some of these, such as BinhThanh and District 2 in Zone 2, were more susceptible to floods because of the higher rate of urbanization resulting in high-density residences (Tu, 2010) . In the 2000s, this is also evident with the high-rate of construction across emerging districts (e.g. 2, 6, 7, 8, 12 and Binh-Tan from 1989 to 2002 : Viet, 2008 ). An illustration of this is the rapid development of PhuMyHung (409 ha, in District 7) and ThuThiem (657 ha, in District 2), which are the two ignition projects of a larger process containing a vast number of property developments. These projects not only trigger the enlargement of urban areas accompanied with higher concentration of people and assets but also negatively affect indigenous hydrological systems, including green spaces and water bodies. Indeed, there was a rise in the area of impermeable surface versus a decrease in areas of water from 1985 to 2010 (Phi, 2013) [ Figure 2 (a)], and it appears that the link between new development and flood frequency is striking.
On the other hand, HCMC has also been exposed to noticeable climatic changes related to precipitation regimes and water levels in Saigon River. For example, there is a trend of a higher frequency of heavy rains (more than 50 mm) from 1999 to 2009 (Phi, 2013) . However, upstream rainfall is only an exacerbating factor to flooding instead fluvial floods from the intense monsoon rainfall is more significant (Asia Development Bank -ADB, 2010). The observation data showed the increase in water levels at the PhuAn station (within Saigon River), where the levels were higher than those at the VungTau station (in the sea mouth) from 2010 to 2015 (SRHC, 2010 (SRHC, -2015 . This implies that the riverine level of HCMC has increased not only by global (sea level rise) SLR but also by other reasons related to urbanization during development such as reduction in area of agriculture and water and land subsidence by high density of construction (Phi, 2013) :
(1) Overall, the footprint of the city has rapidly changed since the 1990s with the presence of new development districts and "rural districts" in peripheral areas (particularly to the east and southeast). The development process has seen the city extend its boundary across the main water bodies, Saigon River in the East and ThiNghe-Te channel in the South to accommodate the rapid population growth. Consequently, there has been depletion in area of wetlands which are essential for natural protection for the city. These lands had previously acted as a natural buffer with a large network of water bodies, including rivers, canals and channels, but now hard surfaces are further influencing resilience of the broader city to flooding. While climate changes such as SLR and uncertain precipitation are general factors in HCMC, uncontrolled urbanization is believed to be the dominant factor for increased flooding in HCMC (Hong, 2011; Storch and Downes, 2011; Phi, 2013) . This is a challenge for flood management because of dynamic social changes in combination with the uncertain nature of climatic changes.
Current flood management
The master plan for water discharge toward 2020 (since decision 752 by the central government in 2001) identified six zones consisting of the current inner city (about 140 km 2 ) and surrounding areas (about 510 km 2 ) from which water would be discharged through dedicated channels (Figure 3) . A supplementary plan with an expanded area for management (decision 1547) was actioned in 2008 to optimize the water storage capacity of current water bodies of HCMC and to control flash floods from upper regions and upstream water from the main rivers (ibid). According to this plan, the water level of þ1.32 m, has been chosen for following designs, but the highest tides Increasing vulnerability to floods
were recently recorded at þ1.68 m in 2013 and 2014 (Southern Regional HydroMeteorological Center -SRHC, 2015). Fundamentally, these plans focus on utilization of existing water bodies. The flooding control system mainly consists of sluices and embankment from which the safety range to current thresholds is likely insufficient; this system, once completed by 2020, will not cover the new districts on the right side of Saigon River (Figure 3 ). Urgent actions are now required, the city has been accelerating existing projects such as dredging channels, improving drainage systems, building an embankment along the left side of Saigon River, constructing of sluices and creation of reservoirs. However, their effectiveness is in question, despite a cost of around US$1bn, floods still frequently happen in this city. It is argued that the current proposals are just short-term solutions based on engineering structures while the city has not resolved the poor spatial planning (Phuc, in Nguyen, 2015) . Long-term flood management ultimately needs to control the rapid urbanization process, especially in new development areas (Storch et al., 2009; Storch and Downes, 2011; Hong, 2011; Phi, 2013) . Hence, this paper examines to what extent such process increases flooding vulnerabilities of HCMC, especially in the developing districts on the eastern side of Saigon River.
Data and methodology
Risks from climate change impacts arise from the interaction between hazard (triggered by an event or trend related to climate change), vulnerability (susceptibility to harm) and exposure (people, assets or ecosystems at risk) (International Panel on Climate Change -IPCC, 2014, p. 36).
In this research, the main method is GIS analysis which is based on secondary data of flood records, population distributions, property development (with the details of 270 housing projects compiled as part of this research) and flooding simulation. These data were made available from institutional bodies in Vietnam and other agencies and are summarized in Table I . From this analysis, current and future vulnerability can be measured. Vulnerability is defined as the extension of harm which is evaluated by the implications of exposure, susceptibility and resilience under particular conditions (Balica and Wright, 2009; Hufschmidt, 2011; Scheuer et al., 2010; Willroth et al., 2010; Fuchs et al., 2011 , cited in Balica et al., 2012 . There is a need to drill down into the different components of vulnerability (Balica et al., 2012) : exposure -location of people and other assets in relation to flood prone areas; susceptibility -factors influencing degree of impacts such as awareness and preparation of citizens (aided by institutional response); and resilience -ability of a city to adapt to floods by re-organizing itself to maintain acceptable levels of function and structure.
In the case of HCMC, flooding vulnerability is defined as the probability of flood impacts in a particular area. Exposure (i.e. increased concentration of people in flood prone areas) is the core factor but susceptibility and resilience can significantly increase or reduce the degree of vulnerability. The susceptibility depends on location and time where and when a flood occurs, whereas resilient capacity can be evaluated through the possibility of evacuation and recovery through the transportation system in case of an extreme flood. 
Susceptibility
Owing to the characteristics of the tropical weather experienced and its location in the Mekong delta region, HCMC often has high precipitation in annual rainy season (mainly from May to November), while it is also influenced by "semi-diurnal tides" (mainly from September to December), two nearly equal high and low tides a day with a shifting time of about 50 min on each contiguous day (TEDISouth, 2010) . Hence the city is highly susceptible to floods from September to October, when there are more potentially combined effects with heavy rains. The statistics of flooding events by months (SCFC, 2010 (SCFC, -2015 support that the highest level and frequency of floods is normally from September to November every year. Furthermore, the impacts are more disruptive if floods happen at peak times (6-8 a.m.; 4-6 p.m.) when urban activities are at their daily peak through physical transportation (mainly on roads). For example, the extreme flood on September 15, 2015, occurred after a heavy and long rain being 
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followed by a high tide around 4-6 p.m., resulting in a large-scale effect to urban transportation. In brief, high tides can be seen as the "background/regular factor", heavy rains are the "exacerbated/uncertain factor"; and uncontrolled housing developments is actually the driving factor for increasing people and assets exposed to floods.
Resilience
Urban resilience can help the city to return to normal situation after flooding effects. However, the dependency on flooding control not only influences riverine ecosystems but also increases long-term flood risk (Burby et al., 2000; Smits et al., 2006) , and this is not a reliable approach to climatic uncertainties (Zevenbergen and Gersonius, 2007) . On the other side, urban resilience can be undermined if natural effects create an obstruction to transportation system because transport network has a vital role in connection between urban physical structures and in maintenance of urban operation. Desouza and Flanery (2013) stated that it is a physical element contributing to key urban resources for resilience. The GIS analysis by this research explores that a large-scale flood, such as the extreme incident in Bangkok, will affect to vulnerable sessions of several roads in HCMC and can divide the city into two parts: the western and the eastern side of Saigon River, regardless of the performance of embankment flood defenses (Figure 3 ). In particular, this causes an isolation of three development districts (2, 9 and ThuDuc), which have not been covered by the current protection system. As a result, there will be a large number of new residences isolated by floods in these places to which the arteries from the city center are potentially inaccessible. Referring to the high flood on September 15, 2015, many main streets have been obstructed up to 4 h as the vehicle flows were decelerated before blocked at important nodes such as HangXanh; as a result, many people could not return to their homes in these districts. This provides an example of how the resilience of this city is compromised by floods affecting the transportation network, especially to main routes or nodes/intersections. By using this approach, the impact of flooding can be analyzed. In the case of HCMC, the highest risk is the combination of inner floods by heavy rains with tidal floods. The flooding vulnerability is generated by the increase in number of people and assets exposed to floods in new development districts, Zone 2. This paper highlights the areas of recent property developments in Districts 2, 9 and ThuDuc, which are believed to be the most vulnerable districts to flooding effects. This requires an improved consideration of resilience for the new residences in these areas rather than just short-term solutions based on traditional flood defense.
Discussion

Impact of future changes (climatic and social) in Ho Chi Minh City
In line with climate change impacts related to SLR and uncertain precipitation, HCMC has continually been improving its flooding management, but the continuing mismatch between the current planning, implementation and the volatility of climatic and social factors remains considerable. Several flood defense projects, mainly deployed in central areas, are still in progress but the built-up area has rapidly extended beyond the zones identified for protection. Furthermore, there are concerns that the design and construction of city-scale protection systems are obsolete because of the many changes in precipitation and river levels. An illustration of this is the proposed elevation of the river bank system (þ2.5 m, according to the plan 1547 mentioned in Section 3.2): when completed, it will be just 82 cm over the recently maximum tides at þ1.68 m recorded in 2013 and 2014, but the SLR to Vietnam is projected to increase by 75-100 cm by 2100 (Asia Development Bank -ADB, 2010; Ministry of Natural Resources and Environment of Vietnam -MNRE, 2012) , with the increasing rate of water level Increasing vulnerability to floods at rivers in HCMC will be higher as compared to the sea level (Phi, 2013) . According to the hydrological report by the Southern Regional Hydro-meteorological Center of Vietnam-SRHC, after 34 years, the average increase in maximum water at VamKenh station (at VungTau estuary) versus PhuAn station (on Saigon River) is 13.2 and 37.8 cm, respectively (the five years period 1981-1985 compared to 2011-2015) . Besides, the extreme weather, such as heavy rains, has been challenging the existing capacity of the urban infrastructure. In 2016, there was a rainfall peak at 208 mm (during 2 h), whereas the current drainage system has been designed for rains under 100 mm (Steering Center of Flood Control Program of Ho Chi Minh City -SCFC, 2016). These imply that the current flood management plans are lagging behind the changes of both climatic and human factors. It is impractical to deliver a large budget to new defences which mainly protect the central areas, but the majority of citizens have been highly accommodating in new developing areas. In the future, the threshold of defenses to floods, as the safety range, will be exceeded by climate changes, while the city has been experiencing more new residences on flood plain unless appropriate adjustments to spatial development. Fundamentally, this paper criticizes the fact that uncontrolled and subjective plan for urbanization depended on a hard-engineered protection system. This, when coupled with climate changes, will ensure the city is increasingly vulnerable to floods and is in urgent need of a long-term and comprehensive strategy, from theory to practice.
Visions for Ho Chi Minh City: resilience and compactness
Like many cities across the world, the original urban areas of HCMC have a situational advantage, e.g. higher elevation, that has traditionally made them resistant to floods, but the vulnerability increases as more and more peripheral lands are built-up. The speed of the development is crucial here. Flood management policy can be slow, and there is often long duration required to get a protection system from planning to implementation, whereas urbanization fundamentally follows the free-market of property development. This challenges any urban physical infrastructure dealing with uncertainties while hard engineered solutions can often be insufficient. Assuming urban development is inevitable, increasing compactness in terms of spatial planning and management is potentially the answer for a city to reduce vulnerability to floods. A compact city, which adheres to the desirability of sustainable development advocated by the European Community since the 1990s (Commission of the European Community-CEC, 1990), is still contemporarily supported by scholars who emphasize the energy efficiency with the promotion of "intensification of the use of space in the city" (Elkin et al., 1991, p. 16) , viability of amenity and facility for social sustainability (Haughton and Hunter, 1994) and "offer the maximum scope for effective traffic reduction" (McLaren, 1992, p. 281) . In several cities in Organisation for Economic Co-operation and Development (OECD) countries, its potential success has been demonstrated in meeting urban needs of public transport and accessibility to local services, while lessening environmental impacts (Matsumoto, 2012) . More broadly, this paper focuses on reducing impacts in urban areas prone to floods, by considering the role of the vertical dimension as opposed to just centripetal urbanization leading to widespread construction on floodplains. Centralized, compact spaces could be deployed from urban to building scale to urban scale. "Urban flood risks should be proactively managed through resilience, taking advantage of interventions at different spatial levels" (Zevenbergen et al., 2008) . Subsequently, urban public space should be improved and opened for "absorbable surface" such as green areas, and there is a need of maximized function within buildings in terms of architectural design, e.g. optimized height, interconnected corridors, storage spaces for water. Transportation structures are not only the interlinks between civil buildings and urban spaces but also an incentive for IJCCSM improving adaptation to regular floods and a supporting element for resilience to extreme floods.
Despite the claimed advantages, the compactness theory has been debated in relevance to the different context of application (e.g. Europe, UK, US or AU) and the quality of living environment. Decentralization has remained the trend in urban development (Breheny and Rookwood, 1993) , while centralization (compactness) is a choice for cities targeting sustainable development (Thomas and Cousin, 1996) . As a balance, a compromising stance reconciles sustainability with controlled development (Jenks et al., 1996) . For example, urban decentralized areas can contain several compacted settlements interlinked by public transport (Haughton and Hunter, 1994) , walking and cycling are appropriate to encourage social interaction between different residences (Elkin et al., 1991) and health benefits and lower congestion (Miles et al., in Chapman and Ryley, 2012) . Additionally, these routes can become emergency evacuation routes in the case of an extreme flood if incorporated into defense schemes. Hence, new developments with compact spaces on advantage lands (e.g. high elevation, distance construction from flooding risk factors) can be both less exposed to floods as a promising solution to enhance urban resilience.
In the case of HCMC, buildings should be built in old-town areas to allow intensification in those areas protected by current flooding defense, whereas the new development areas should be designed such that there are more open spaces for water absorption. In coordination, "vertical transportation" in complex buildings will be an appropriate solution to uncertain floods, whereas "horizontal transportation" will ensure the contiguous connections between different concentrated areas. On the other hand, once commuting distance between different urban areas can be reduced, it is more possible for emergency evacuation through a resilient transport network, including routes elevated from the ground and flexibly transferable modes. Meanwhile, existing emergency exits in buildings should connect to these priority routes providing targeted evacuation points.
Conclusion
The flooding situation of HCMC is an evidence of inappropriate urban expansion leading to increase in flooding vulnerability. Although climate change impacts are obvious, the rapid population growth and associated accommodation development are believed to be the key cause which has not been solved. This research found that the three new emerging districts (District 2, 9 and ThuDuc) are highly vulnerable to floods in the near future, but the local government still implements the plan for attracted investments in housing without a reference to the flood impacts evaluated by existing researches. This not only exposes more citizens and their assets to floods but also exacerbates the flooding situation of surrounding areas. Furthermore, the existing flood management relies on hard-engineered systems, and soft solutions, such as green-spaces for water absorption and reverting natural water ways and reservoirs integrated in parks for water storage have not been cooperated and deployed in practice. This also undermines urban resilience to extreme floods in the long term. Therefore, the city needs neater strategies for planning and management of spatial development to minimize the areas vulnerable to floods:
creating more compact spaces in the central areas (Zone 1) protected by the current flooding management system; and offering more resilient spaces for new development areas (Zone 2), by improving resilience of transportation system.
Nevertheless, a similar combination of compact spaces and resilient spaces in emerging districts could also be incorporated into the existing developments, while sustainable Increasing vulnerability to floods drainage systems or underground water storage in buildings could also be included in the design to compensate for the former wetlands lost. The findings in HCMC can be extended to the developing pattern of many coastal cities in Southeast Asia. For almost all these countries, economic development can be seen as a driving factor, expanding the cities despite the obvious disadvantages of topography and the negative interactions to the existing natural environment. Natural disasters, including floods, are likely to exceed present day predictions despite the improvement of forecasting technology. Therefore, these cities need to rethink how they can use the most naturally flood-resistant land (i.e. compact approach) to improve the overall resilience of new developments. As a contribution to urban planning and management in practice, this paper underlines the increasingly important role of urban planning and management to combat the future impacts of floods in coastal-mega cities. Furthermore, a combination of the compact city and resilient city, there is a potential topic for further research in planning and management of urban spatial development adaptive to flooding.
